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MEASUREMENTS OF THE EQUIVALENT-CIRCUIT 
PARAMETERS OF TUNNEL DIODES 


The measurement of equivalent-cir¬ 
cuit parameters is of particular impor¬ 
tance in the development of semicon¬ 
ductor devices, in the control of their uni¬ 
formity in mtmufacture, and in their 
application in practical circuits. Tunnel 
diodes present unusual measurement 
problems, both because of their unstable 
behavior in the measurinp; circuit under 
certain bias conditions and because some 
of the characteristics to be measurwl are 
not directly accessible for measurement 
at the dioile terminals. These {)roblems, 
topelher with suggestions for their solu¬ 
tion, will be discusstHl in this article. 

jMeasurements are most conveniently 
made in the vhf-uhf ranges. Not only do 
the high-fre(juency characteristics give 
the best inde.x of performance for practi¬ 
cally all applications, but also the meas¬ 
uring instruments and circuits available 
at these frequencies offer the advantages 
of complete shielding and freedom from 
residual impedances that are character¬ 
istic of low-impedance coaxial systems. 

TUNNEL-DIODE CHARACTERISTICS 

The current-voltage relation for the 
tunnel diode is shown in Figure 1, and 
Figure 2 is an equivalent circuit. As is 
evident from Figure 1, the diode ac re¬ 


sistance, /]?, is a function of bias and can 
be either positive or negative. The ca¬ 
pacitance, C, Figure 2, is also a function 
of bias, but changes more gradually. 
The small-signal ac characteristics of 
the diode are describeil in terms of the 
equivalent-circtiit parameters, L, C, /?, 
and /t*, and of certain characteristic fre¬ 
quencies that are functions of these val¬ 
ues, and which are usually defined in 
terms of operation in the region of mini¬ 
mum negative resistance. These fre- 
qu(‘ncie.s are the self-resonant frequency, 
where the immittance of the diode is 
purely real, and the resistive cut-off fre¬ 
quency, where the immittance of the 
diode is purely imaginary, representing 
the upp(*r frequency limit for diode nega¬ 
tive resistance. A third characteristic 
frc'quency sometimes refen’ed to is the 
oscillation frequency, which, by defini¬ 
tion, is theoretically the frequency at 
which the diode will oscillate if short- 
circuited. In practice, the amplitude of 
this oscillation will be great enough to 
swing over the nonlinear region of the 
diode resistance and capacitance charac¬ 
teristics, so that the frequency of oscilla¬ 
tion may not corre.spond to the true 
small-signal oscillation frequency. 

STABILITY CONSIDERATIONS 


Figure 1. Current>vollage characteristic of a tunnel 
diode. 


In the measurement of these quanti¬ 
fies as well as in practical application of 
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tlie flioile, a iiiimbor nf prceaulioiis arc 
necessary, owing lo the ncgativoresist- 
ance, nonlinear, and multivalued-cur¬ 
rent characteristics of tunnel diodes. A 
shunt resistance, 7?^, is generally re- 
(juired for stable operation. specific 
choice of total circuit resistance is ni*ces- 
sary for stability. Several modes of op¬ 
eration that depend upon this choice are 
showui graphically in Figure 3 as a func¬ 
tion of the impedance, Hr* which is the 
sum of the dicxlc resistance, 77., ami the 
equivalent source resistance, 77,,. The 
e<iuivalent source resistance is, for ac, 
the shunt resistance. 77,„ in paralltd with 
the signal-source resistance. For dc, 7?p 
Is 77p in parallel with the ilc source re- 
sLstancc. If the dc circuit resistance of 
Rr is greater than the negative-resist¬ 
ance magnitude, 77, o|H‘ration will be 
unstable in the negative-resistance re¬ 
gion. In Figure I, 777* is large compared 
with the negative resistance, and, as the 
bias voltage is imTejuseil, the opi'rating 
point of the diixle will sw itch from A to 
B. If the bias voltagi' is then decriMiscd, 
the operating point will switch back 
from C to Ij. U Rr is less than the nega¬ 
tive resistance, no switching w'ill occur. 
If the ac resistance of Rr is less than 
L 

the circuit w ill oscillate. 

In the Type ir>()7-.\ Transfer-Func¬ 
tion and Immittance Bridge, for ex¬ 
ample, the effective dc source r(»sistance 
is the dc-hias-supply internal resistance, 
in series with the hias-filter resistance of 
4 ohms. The ac source imi)edance at 
high fre(|ueiicies is approximately 50 
ohms at the operating frequency. .\t 
other freijuencics the impcxlance may 
differ from 50 olims, hut will usually 
cau.se no difficulty if the shunt n^sistor is 
50 ohms i^r l(*ss. 

The stable region defined <Rr<R 


UNSTABLE 

(OSCILLATION) 

STABLE 

REGION 

UNSTABLE 

(SWITCHING) 

y///AW////A/A'A 

I 




Rt»0 Rt'R 


Figur* 3. Mod«t of operation for the tunnel diode os 
o function of the total circuit resistance. ftT. 

will vanish if the inductance L is greater 
than R'(\ With most currently available 
tunnel diodes, the pack:ige-aTul-holder 
intluctance is small enough to permit 
stable operation. Since low-impcHlanee 
diodes are necessiirily designed with low' 
parasitic inductance.s, the total circuit 
inductance between the diode and the 
ecjuivalent source resistance Rp must In? 
exceorlingly small. This is possible only 
in carefully designeil mounts. 

In the preceding analysis the source 
imixxlanee is iLssumcsi to be purely re¬ 
sistive. In most practical applications 
this conditkin will not be exactly met, 
and the actual operating characteristics ^ 
will differ somewhat frcmi those outlined 
above. In actual measurements, in the 
negative resistance region, the best re¬ 
sults have Ix'eu ohtaine<l when the re¬ 
sistance of the shunt resistor itself is 
slightly low’fM* than the minimum nega¬ 
tive resistance of the diode. 

As a further precaution, because the 
diode characteristic is nonliiu'ar, the 
amplitude of the signal incident on the 
diode must he small. For the diode 
shown in Figure 1, a value of a few' milli¬ 
volts, rms, is a rea.sonal)le upper limit 
for small-signal mea.surements. Further, 
if a superheterodyne null deteirtor is 
employefi in the bridge mea.su remen ts, 
Iocal-O8(!illator leakiige into the tunnel- 
diode circuit must not e.xeced a few 
millivolts. 

DIODE TEST MOUNTS ^ 

The te.st mount for the diode must be 
dcsigncil to minimize stray inductance 
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Figur* 4 . Sugg«tf«cl cooxiol 
mount for connecting o tunnol 
diodo into the mooturing cir¬ 
cuit. 

Tho mount shown horo it do- 
tignod for the early Etoki diode 
monufoctured by Sony, which 
hot o tingle lead. A different ar¬ 
rangement it described in the ar¬ 
ticle by Adler and Wonton (poge 
9) and it designed to occept the 
Raytheon CK40 type, which is in 
o microwave diode pockoge. 
Diodes with two leads present a 
more difficult problem since the 
mount must be designed to ac¬ 
cept the ground leod. For meos- 
urement purposes, the leod can 
be removed, but this it hordly 


TUNNEL DIODE 


SPRING -874-6146 



RESISTIVE 
COATING ON 
THIS SIDE 


DISC RESISTOR 874-B 


.5620 
• 2440 
I 


786 

1 


practical procedure for developmentol ond production totting. 


and capacitance, particularly if the 
dunle resistaiico, /?, is low. Mcasiire- 
inent accuracy is improved if the shunts 
inj»; resistor is locatetl as close to the 
fliode as possible, as shown in a suggest (h 1 
coaxial mount in Figure 4. This n^sislor 
.should be lower than the negative nv 
tfi.stance of the diiwle under test, be es¬ 
sentially noninductive, and have a 
negligible shunt capacitance. In coaxial 
systems film-type disk resistors are suit¬ 
able. The electrical length of the coaxial 
mount shown in Figure 4 is equal to that 
of the General Railio Type 874-WN3 
Short-Circuit Termination. 

If a measurement of the diode capaci¬ 
tance and indinrtance outside the nega¬ 
tive resistance region isdesired, theshunt - 
ing resistor is not nec(*s.sar>^ to obtain 
stable o{>eration and can be omitted. 




- K, 


_ n 

1 + \U3CH)* 


(3 


III «*<|im(ioii}) H i!» ;L‘fstuu<'d tn Im* nrgji- 

tivo, and no tuJditioniil n(ii[::itivr ^it^n kIiouIiI 

Im* IfcUli. 


CHARACTERISTIC FREQUENCIES 

Si'lf-n'soimnt. frc<|Ucnoy 

2r vLc >/ ' ■" UH’ 


Rivsistivo out-off frequency 


Oscillation frequeiiry (low-Ievi l) 

V 


• U 

It-. 


(r> 


(« 


(7 


CHARACTERISTIC EQUATIONS 

The diode mlinittanee anti imiiediuire in 
termH tif the circuit elements of the «‘quivalent 
circuit. Figure 2, lu-e 


Tyiiicul diode imniit lani^frequcncy char- 
ncteriiitica an* Hho\^'ii in Figunvs 6 .and U, for 

<. t*.xee|)t n-H .-<hown. 


.Viiinittance 


+ (wTif)*] 




TT^a 




wr- 




/ ..... , / 


f, Rrt.r\^ 


i n) 



(2 


Simplification of the.si* expre-sHions i.s n*(piired, 
in general, to relate the unknown quantity to 
he nieaeured to the ai^tuid nn*u.*iiu-iHl value. 
Mea.->'urement fre<|Uency and o|M‘rating laa«, 
forA%‘urd and reversn*, mast be so rho?*4*n aa to 
iH'rmit this simplification. The elHiiix* of nieas- 
uring conditions in further n*stricte<I by niea'*- 
uring-instrum»'nt resolution. With wnne di<Hlf*s, 
In partieular some gulium-arscnide ty|M*H, I In* 
siinplificatioiiH lead to only approximaU* values 
for thi' luiknown quantities, regardless of o|>4T- 
ating miiditions and meiusuring-instruimMit 
aeeuraey. 
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MEASUREMENT OF TUNNEL DIODE EQUIVALENT 
CIRCUIT ELEMENT VALUES AND FREQUENCIES 

Am indicuUnl obovo, Iriid iiubu'tiincc Ix'tweeii 
the diode and shunting resistance or between 
the dhxle an<i meHsuring terminaLs should be 
niininiized t4) uehievc stable ojieratioii in the 
nc*gative-rrsistanee biiu? region and to attain 
reasonable accuracy at any bias. Measure¬ 
ments arc made at 25 Me and above, and a 
cotixial mount, of thi- t}^)© shown in Figure 4, 
is nen-sswiry. The re<s)minend«*<l measuring in- 
strunu nl is the Typk 1<W)7-A Transfer-Function 
and Immittanee Hridgi' for fn*<iuenci(Si up to 
1500 Ml*. AtMivc 15(K) Me the Type 874-LBA 
Slott<*d Line can be UM'd with apfiropriate pro¬ 
vision for bias and in a revennsl connection, 
that is, with the generator conn* cted to the 
prolw* and tla* detector connected tht* iu»rmal 
sending end of the line. 

APPROXIMATE DIODE CIRCUIT VALUES NOT 
KNOWN 

WTien the approximate iu*gativi*-n'sistju»ct* 
value is nf»t known, ji tie meuNurement t»f tht‘ 
voltJige-eurreiit characteristic will indicate the 
pro|M*r bias voltage and appoiximate nega¬ 
tive*-resistanof Vidut! required to make a suit¬ 
able shunting-n'sistam'e eht>its*. When tht* other 
circuit eonstaiits are not known, the diode 
ailniittanet' or imi>edanee is measured over a 
range of fn*(pieneies ncot'sstiry to obtain a 
rough plot tsirresmniding to Figures 5 and 6. 
From this plot the aiipmximate self-resouant 
and rt*.sistive-eut(»fr rrequeneiw can be «d)- 
tained, as well as the upper lanindary tif the 
fn'quenc^’ range in which the measured etui- 
ducUuice of resistance* is essentially coiLslunt 
with fnH|uency. 

The desired characteristic frcquencicH and 
1 ‘quivalent circuit eonstants can 1 h* determiiu*<l 
from either xidmittams* or inqMslance measure¬ 
ments. Admittaiiee is the more (sinvenieiit 
nn'usurenieiit, since the shunt mlmittanee eiui 
bo directly .subtracted fnun the nu*asured 
n*sult to yh*ld the diiale mindttance din*etly. 
When the diode ifnp<*d;uiw Ls low, how«*vpr, 
better accuracy with the Type 1(>07-A Transfer 
Function and Inimittain'o Bridge is achieved 
by tm impi'dunee measurement. 

Figurs 5. Plot of impodonco chorocUristics at moot- 
urod to obtain th« approximoto values for the self- 
resonont and resistive cut-off frequencies. 


Meosurement of Resistive Cut-Off Frequency, 

At the resistive cut-off frt‘quencyj th(* dkrdc 
conductance is zero. With the .shunting resistor 
installed, the frequency us sought at which the 
measured admittance is identically equal to the 
admittance of the .shunt resistor. This fre¬ 
quency is best obtained by meiusurernent,, first 
of the shunt resistor alone and then of the diode 
plus the shunt r(*sistor, at .m'veral frequencies 
in the exp<*cted range. A gniph is made of these 
two measured valu«‘s as a function of fn*queney 
In smooth the data and to n*duce the number 
of uu'iusurements n’quired. The frequency at 
which the two m(*asun'd values are oquiU is the 
resistive cut-off fn'qwncy. 

Meoiuroment of Solf-Roiononl Froquoncy, fo 

At the self-res^)nant fnMpiency, the diode 
8U.sc<*ptancc or reactance is zerti. Since the 
ct>nductance at this fn‘quency is high, measun*- 
meiit accunu*y will be improved if iimwdanee 
rather than admittance i.s njeiusured. With the 
shunting resistor insl.alhsl, the fnspienry is 
MUight at which the diode n*actan(S‘ is zerri. 
The diode iniiM*dance i.s mcjusured over the 
region fif the exjss’ted s<‘lf-resonant fn‘<|ueney. 
A graph of reactance as a function of fn*quen<’y 
is ther» nuide to smooth the data jiiid to reduce 
the number of mcjusuremenls required. 

M«osuremont of Inductance, t 

Bnck^biaa Method 

With tin* diode hiiusoil in the n*verst» direc¬ 
tion iuid in th(‘ ohmic region, the dif>de capne- 
ilaiUH* is es.si?ntially sh(trt-<’ireuited, and induel- 
aiice can Im* dt'termined fmm an .admittance* 
measun*ment .at M»me convenient frequency. 
Fntm the (lii>de rt*aetance expression (equation 
4), the following e<|uivalent inductance expres- 
siou i.M obtainc*d: 



Figuro 6. Plot of admittance chorocteristicft for deter¬ 
mination of self-re»onant and resistive cut-off fro- 
quencies. 
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whrre 


a)r 


= the iuduotance vtUui* measurfd 

1 _ 

* ylLC 


The diode eiipacitancc, C, is, in this (!iwe, 
sliKhtly lowt^r than it is in thi* negativt*-rc‘siKt- 
luut* n*(5ion. 

Since the setf»nd term ii» the exjict cxjin's.sion 
includirs the unknown, L, it must lx* small, or 
the error in this approximation will lx* large. 

When is sufficiently large (and this a«- 

sum(*s that ^ is know’n approximately), the 

rnensun'inent frequency choice is not critical. 
In order to reduce this term to 10% or U*hs, 

then, at low frequencies (where 

li must lx? less than 0.3^ 

This n»quirement is met in most diodes, 
where typical value.s an* ^ MX), li * 1. A 

nornin.al low frequency choice wrould be alxuit 
one fourth the s^if-resofiaiit frequency, fo. The 
-hunt resistor is not requin*d in this meiwun*- 
ment. 



Dummy~Diode Meihrul 

Sinc*e the diode indu<*tanc<! i.s principally in 
^ the connecting leiul to the sc*mic*onductor elt*- 
m(‘nt, an eqiiivaient nacktige can be made w ith 
the element replaced by a short-circuit. The 
inductan<*e of this package can be measured 
w ithout the above n>strictions on frequency. 

Capocitanc* Measurement 

Th<* duxle capacitmico can be directly mens- 
un*d at a fn*quency adc<iuat4*ly Ik*1ow {he .M*lf- 
n'somuit fn'quency. Tnis eap:u*itancc t*an 
iistially be measured in th(r negative resistanco 
region, although instrument errors and errors 
from ditule inductance and resistance cm» be 
furious. The fn.*queney and diode ac rcisistmice 
limitations lu-e follows: 

Fr»)m the diode su-sccptancc expression 
(equation 2), 


C 






lilisC 

L 


If the m<»asun*ment frequency is well b<‘low’ 
this limit (it should nut be so low* that the 
capacitance susci'ptancc is i*omparable to in- 
stmraent n’solution), the measurt'd (capacitance 
reednet's to 



When li » H, 


It is assumed th.at the diode circuit panim- 
cb'rs an' approximately* know*ii to |M*rmit the 
fret^uency choice. 


The error term is th(*reforc which is in- 


dependent of frequency. 

If reasonably a(!curate measurements are 
desin'd in the n(*gative-ri*sLstanc<* region, this 
ermr term must be anpropriatc'ly smjUI. Th(^re 
is no nieaiLs of contn»Iling the error except by a 
bias shift away from the region where the 
negative n>sistanci‘ is the smidlest or by a 
reduction in L. In fact, for some duxles it 
may be neccss:u*y to tijn'rate nearer the |x'ak 
and valley regions to obtain sufficient jwctiracy, 
lis shown in Figure 7. In this figure, reprewnt- 
ing the low-freqiicncy case, the cfTccl of li- 

approaching is Hhow*n. The (‘Xtruine case 


w’here R'^< is not usually encountere<l in pra*'- 


tical diodes, siiK*<* this c<jm*sjionds to the osf'il- 
lation region ovt'rlapping the switching r(*gion 
ojx'ration. 

For a diod(‘ with C = 4()pf, L — 2mxh, 
li »= 30 ohms, lit *= 1 ehm, a suitable fre- 
(|uency is betw’ceii .30M«* and 70Mc, and the 
me.asurcment in the neg*ative-n*.sistance rcgiijii 
will not yield greater than si 10% error. Soiiu'- 

times the wndition 

thb* ca.se, operation at or near the peak and 
valley points, w'here the diode* ac resistjuiee is 
huge, asually yields reasonably iwcuratc results. 

In addition to the crivjrs mentioiu'd niMive, 
th(? measuring instrument citn introduce a fur¬ 
ther error in the m*gativ(*-n*si.stance ri’gion. In 
most instruments, when the resistance com¬ 
ponent of the network under test ch.’uige.s 
gn*atly, a small error in the n'active csimiMinent 
will b€* pnwinced. When the tuea.suri'd rcm*tive 


■f 


(10 


Where C' — appart'iit capjic.itance as meas- 
un*d. 

The right-hand t4*nn th«Tefore should Iw 
imidi* t4) lx? near unity for nniximura jwwuracy. 
Th^* first st4*p to acHievi* this is to h>w»*r the 
measun*ment fnquency. If the capacitance is 
to be ineiusured to w ithin 10%, then 


fm« 


yJLC 


as.suming that li^> 


10 /. 

r 


component is .small, the pi*rcvntag«* error can 
be large. 

Negative Resittance or Conductance Measurement 

For thi.s mcasureraont the same cotiditions 
and approximately tlx? same fn*qiiency-choi<?e 
(*onsid(*rat ions apply as for capacitance mcjLs- 
urenu?nt- The nwistunce expression (3) n*duccs 
to 

/?' = //- lit 
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Figwr* 7. Plof thowing how th« mognitudo of at compared with that of - affects the measured 

values of capacitance. 


whon* 

/i*' * rfn*.‘iHurc‘d value 

Umully lit in suffiricnlly KniaJltT than R that: 
R' ai or G' ^ G 

Series Resistance Measurement, R$ 

Either of two procedures may bo used. The 
first, the resistive eut-off frequency methotl, is 
reosontdily accurate if the negative rcaistiuico 
and captu'ilancc values arc known occuraU’ly. 
The sf^’ond, the back-bias method, yields an 
upfHT limit to this value and is accurate in most 
casers, since the a<*timl 8eri«*« resi.stan(*e and the 
diode back n^sistmii’ts iu wries, arc measured. 

Re«iMii'c Cut-Off Mcthxi 

The resistive eut-off frequency is mf*asurtd 
as di*serilHd in a preeiding set'iion. The 
capA<'itane<‘, C, and the negative resistance, R, 
tirt' mtaisured as described aitovc. 

Rt is calculated from the expression: 

u , _ 

1 

where R, 03o^, and C are measured vtdues. 


Back-Bias Method 

In the baek-bias measurement, the diode im- 
ptdance exprt'SHion rediures to 

Z( = (/?*+ R)-\~ jo)L 

At a sulheieritly large value of back bias, the 
barrier resistance, /i, liccomea very small, and 

Rt Sf Rt 

when* Rt is the measured vjdue. The shunt re¬ 
sistor is not n*quirtd for this measurement. 

Impodanco vs. Admittanco Moasuroments 

In the measurement of the diode elemi'ot 
values, grt^at<*r accuracy is obtained if imped¬ 
ance and not admittance is mciiHurod when the 
im|)edance is much less than 50 ohms. The 
subtraction of the shunt impedance from the 
mea.sured impedance to obtain the diode ad¬ 
mittance is more complex in thi.s case: 


when* Zm =* mejisured inipidmure, diode plus 
shunt. 

Zp = iiifiu^und shunt impedance. 

Spt*cific proccdunv for m<*asuring tunnel di¬ 
odes will be described in the Ojperating Instruc- ^ 
tions for the Type I(K)7-A Transfer-Function 
and immittance Bridge. 

— John Zokzy 
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The following article, published through the cooperation of the Raytheon Compony, discusses o practical 
example of lunnei^diode measurements, made on thot company's CK40 series developmental diodes. 

THE USE OF THE GENERAL RADIO IMMITTANCE 
BRIDGE IN TUNNEL-DIODE MEASUREMENTS 

by 

E. Adler and R. C. Wonson’^ 


The General Radio Transfer-Func¬ 
tion and Iminittance Hridge, Type 
1007-A, arranged with I he immittance 
indicator in place, is highly suitable for 
making measurements of tunnel-Lliode 
parameters. The plane where the actual 
measurements are made may be easily 
adjusted and determined, bias can easily 
be applied to the diode and spurious os¬ 
cillations damped out, and no difficulty 
stands in the way of making measure¬ 
ments, either over a range of bias \'olt- 
ages in order to obtain detailed informa¬ 
tion on the behavior of the diodes, or at a 

♦llaytheon Co.. Semiconductor Div., Newton. Mass. 


very limited number of bias points so as 
to permit the rapid relative classification 
of a group of diodes. These remarks are 
made on the basis of considerable e.x- 
perience gaiiKnl in the use of the bridge, 
further details of which are set out be¬ 
low. 

The discussion that follows is limited 
to the mea.sureinent of the diode capaci¬ 
tance and nf*gative conductance. The 
series inductance, being constant for a 
given package tlesign, neeti be mea.surcd 
only once, possibly by use of a dummy 
diode. The series resistance may most 
easily be inea,sured at conditions of very 


Figure 1. Block diagram of the meosuring equipment. Items not identified by name are: 
Type 874>G10 Fixed Attenuator (10 db) Type 874.W03 Open-Circuit Termination 

Type 874.MR Mixer Rectifier Type 1607-P2 Tee Assembly 

Type 874-LK20 Line Stretcher Type 1607-P3 Air Capacitor 

Type 874-L20 20-cm Air Line Type 1607-P5 Ronge Extension Unit 

The lost three items are supplied as a part of the bridge. 


TYPE 1263-A 
POWER 
SUPPLY 


MILLIVAC 
MV 17B 


TYPE 1216 

-A 


\ 


UNIT 1 F AMR 


TYPE I2I5-B 
UNIT OSC 
fo«50MC 


TYPE 
1208-B 
UNIT OSC 
fo=0OMC 


TYPE 

TYPE 

TYPE 

TYPE 

TYPE 

TYPE 

874-610 

874-MR 

I607-P2 

874-LK20 

874-L20 

874-W03 



CONNECT UNKNOWN HERE 
TYPE I607-P5 


TYPE 874^ 

t_ 

TYPE I607-P2(2) | 


TYPE 1607-A IMMITANCE BRIDGE 


IMMITTANCE 

INDICATOR 
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Figwr* 2. Cooxial meunf ui«d to 
connoct Iho diodo to tho bridgo. Soo 
olto covof photo. 



TUNNEL DIODE 


50-OHM TERMINATION 


RESISTOR (lOA) 


largo applied reverse bias, in which 
cast? methods employing techniques 
other than thosti associated with the 
bridge firesc^ntly considered are prefer¬ 
able, except where a high-frequency 
measun*ment is specifically desired. 

Tlie conditions of measurement were 
similar l.o those outlineil in the preced¬ 
ing article; a shunt resistor was usitl, to 
a.ssure that the unknown elf*ment pre¬ 
sent eti a jiositive conductance to the 
bridge; the mount wasdesigiunl to locate 
the measurement point in the plane of 
the <liod<* junction; and the signal level 
was kept low, one millivolt or less. 

block diagram of tin? liridge and 
ancillary e(|uipment useil for the tests 
described is shown in Figure 1. It was 
fouml neces.siiry to construct a coaxial 
mount^ to hold the dioili*s and the stabil¬ 
ising resistor, so that the whole could be 
easily plugged into the appropriate 

*After X doxixii by 8. Cohen of Knytheon Co. i Ureearoh 
Div.). 


bridge terminal. A nnHlified General 
Raclio Type 874-WM oO-ohm Termina¬ 
tion was founti to be easily adapted for 
this purpo.si‘ (.set» Figure* 2). The final 
unit consists of the S74-\VM shell, a 10- 
ohm disk resistor, and fittings to hold the 
ditide in place. A disk resistor is usetl, not 
only for convenience but also, and more 
imp<jrtantly, to keep the series induc¬ 
tance in the difMle-plu.s-parallel-resistor 
circuit low and thus very efTtn'tively to 
satisfy the dio<le stability criterion; in 
addition, this arrangenuMit kee|)8 the 
circuit to lie ineasunHl as nearly as pos¬ 
sible in one plane. 

The successive steps in the mea.sure- 
ment procedure are as follows: 

1) The initial setting up of the bridge 
consists of setting the output line to one 
half wavelength and “trapping out** the 
local oscillator signal as prc‘scrilK*d in the 
instruction manual in ord(*r to prevent 
p:u*asitic signals from reaching the diode. 
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The correct setting of the output line may 
be iierformcti witli an 874-\VN3 Short 
CircAiit in place of the diode holder if 
desire(i, since this provides substantially 
the same reference plane as the latter. 
Alternatively a special (short cin^uited) 
diode may be placed in the holder; this 
choice is better in principle, since any 
lead inductance effects should be auto¬ 
matically compensated. 

2) The admittance of the diode mount 
must l>e measureil with the resistor, but 
no diode, in place. This value can then be 
subtracUHl from the readings taken with 
the diode in place, to obtain the true 
diode values. 

3) A bias calil>ration is required. The 
components in the decoupling cin*uits 
which isolate the coaxial bridge lines 
from tlie (‘xternal bias supply include 
series chokc*s having relatively large re¬ 
sistances. The complexity of the relat ion 
between the voltage appliinl to the bias 
terminals on the bridge and the actual 
bias applit^l at the diode will depend on 
the division of current betwwn the diode 
and the stabilizing resistor, and thus it is 
simplest to take a direct calibration, 
connecting a coaxial tee betw(x*n the 
dio<ie mount and the bridge sfjcket for 


this purpose. The tee should l>e removed 
when the diode admittance meiusure- 
ments are mmie. 

4) The actual diode admittance meas¬ 
urement is made, the results being ad¬ 
justed in accordance with (2) al)ove. 

Figure 3 shows typical results ob- 
taintnl from mea.sureinents, using the 
above techni(|ues, made on a number of 
Raytheon CK40 series developmental 
tunnel dicKles. TlH*se ciu*ves jK)ssess the 
shap<is to be ex|KH?ted on the basis of 
theoretical predictions and agree closely 
with results obtainetl by alternative 
methods. It is inlendeil to include a 
more detailed tli.scussion of this subject 
in another article, but it might be men¬ 
tioned that tlie change of diode suscept- 
ance from capacitive to inductive values 
at the extremes of the bias range is er¬ 
roneous, being causixl by the inductance 
and the decreiise in diode resistance so 

L 

that is not large compared wdth^* The 

effect of series inductance can be car¬ 
ried to the limit, i.e., to the extent where 
resonance with the diode capacitance 
takes plac(‘, by numsiircinent at a higher 
frequency. Figure 4 shows curves ob¬ 
tained at a frequency of o(K) Me. 
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It ahouUI be pointed out that, under 
some circumstanecs, there are advan¬ 
tages in measiu-ement at lower frequen¬ 
cies, and it is possible to operate the 
bridge at frequencies below the manu¬ 
facturer’s prescril>ed limit provided care 
is taken in connection with such diffi¬ 
culties as these: 

a) self-resonance of the bias-circuit 
filters can occur, so that measurements 
must be confined to frequencies on either 
side of this resonance. 

b) the three coupling circuits from the 
generator to the bridge elements be¬ 
come progressively less efficient as fre- 
quencK*8 are lowered, but this problem 
can Ik* overcome by the us(* of a de- 


12 

tector having sufficiently high sensi¬ 
tivity. ^ 

c) the half-wavelength line connected 
in the ‘‘unknown” arm of the bridge can 
become very long and it may be neces¬ 
sary to use high-grade air line to keep 
losses to a minimum. 

The modified microwave-diode-pack- 
age form of the Raytheon tunnel diode, 
giving the advantage of very low series 
inductance, is well suited for connwtion 
to the Immittance Brhlge. Diodes en- 
cap.sulated in different packages, e.g. 
standard JET EC cases or designs in¬ 
tended for strip-line applications, can 
aKso he measured providinl suitable jigs 
and fi.\ture8 are designed. 



WESCON 1960 

GENERAL RADIO COMPANY 
BOOTHS 957-958 


Measurc‘ment.s on semiconductors will 
be a feature of the (General Radio exhibit 
at Wescon ItHK). (liberating exhibits will 
demonstrate the m<»asurement of tunnel- 
diotle parameters with the Typk lf>07-A 
TraiLsfer-Function and Immittance 
Bridge* and the rapid measurement of 
small capncitancc*s in transistors and 
diodes with the Type 1(505-A Impedance 
Comparator, 

Other instruments in operating dis¬ 
plays include: 

Type 130B-A Bt*at-Frequency Video 
Generator 


Type 139()-B Random-Xoise Gen¬ 
erator 

Type 1554-A SouiuI and V’iliration 
Analyzer 

Type 152 1-A Graphic Ix*vel Re¬ 
corder 

Type 157()-.\ .\utomatic Voltage 
Regulator 

Type 1()5()-A Im|>edance Bridge 

Variac** Autotransformers with Dura- 
Irak contact surface will also be dis¬ 
played. 



General Radio Company 
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